experiments is now being developed as a practical technique. In domestic animals, especially cattle, commercial application of embryo transplantation is already established and the low temperature preservation of embryos will undoubtedly become a practical proposition in the near future. REFERENCES The bacteriophage T4 and T4Bo (osmotic shockresistant mutant) of Escherichia coli B have proved to be a most useful model system for the investigation of basic mechanisms of freezing and thawing injury and their prevention. Three distinct mechanisms have been found to be responsible for the inactivation of frozen-thawed phage in this system, namely osmotic shock, salt denaturation and eutectic phase change injury (Leibo & Mazur 1969 , Steele et al. 1969 , Steele 1972 ). An important factor that has emerged from these studies is the demonstration that sensitivity to subzero injury may be greatly enhanced by the lowered temperature itself, quite independent of well-known changes that occur during freezing, such as solute concentration. The degree of inactivation of the phage by the separate mechanisms of inactivation has been studied at different temperatures and the results are shown below (survivals are determined by plaque assay and expressed as a percentage of control plaque counts):
(1) Osmotic shock (rapid dilution into distilled water from 3 molar NH4CI, a non-denaturant salt), T4 phage: The increased severity of osmotic shock at lower temperatures may be due to a decrease in permeability of the phage head membrane, decreased diffusion rates of the electrolyte through it, or a combination of these factors.
The large decrease in the critical inactivating concentrations of sodium bromide with lowered temperature probably result from the decrease in the strength of hydrophobic bonds within structural proteins. The temperature dependence of hydrophobic interactions is well known (Kauzmann 1959 , Tanford 1968 ), although the present investigations demonstrate an extension of these effects to lower temperatures than have been used before. Its importance in the content of freezing injury is twofold. First, solute concentrations rise during freezing as ice precipitates that such an inverse relationship of susceptibility rising as temperature falls may lead to a failure to observe this mechanism of freezing injury if suprazero model systems only are studied. It would be desirable to know the effects of electrolyte denaturants on animal cells at subzero temperatures in supercooled systems, since their effects at the present may well be underestimated. In contrast to the previous two mechanisms of injury, the eutectic phase change injury was reduced when suspending media of lower eutectic temperature were used. Where the eutectic temperature fell below the lowest experimental temperature, as was the case with ammonium acetate, the phage were not inactivated. Eutectic injury is probably a type of dehydration phenomenon since at the eutectic phase transition the phage, previously suspended in the unfrozen aqueous phase, become transferred to an environment consisting of salt and ice crystals and are effectively freeze-dried. The results indicate that the lower the temperature at which this occurs the less is the subsequent stress on structural proteins. These experiments show the separate contributions of dehydration and denaturation to the inactivation of freeze-thawed phage. Electron microscopical studies have further shown that these separate processes of inactivation produce distinct morphological changes (Steele 1976) .
In summary, freezing and thawing injury in biological systems is a complex phenomenon. In the series of experiments presented here it has been shown that a fall in temperature increases the sensitivity of T4 phage to osmotic shock and salt denaturation whilst reducing its sensitivity to eutectic phase change injury.
